Abstract--This paper presents a recent study on woody vegetation delineation and mapping using digital aerial photograph and geographic information system (GIS) in Hunter Region, Australia. The aim of the study was to develop automated and repeatable digital image processing methods for woody vegetation classification and mapping using aerial photograph (or high resolution satellite images) and GIS. Parallelepiped classification method was used to classify woody and non-woody vegetation, and ancillary GIS data were used as quality controls in the classification processing. Specific scripts were developed for automated image processing in a GIS environment. The classification accuracy was assessed against traditional aerial photograph interpretation using adequate random points. The automated process reached an overall classification accuracy of 94%, and 97% after post-classification correction. The automated approach can be applied to any other type of high resolution imagery such as SPOT 5, ALOS, IKONOS and QuickBird images.
I. INTRODUCTION
Woody vegetation, dominated by trees, is important baseline information for many management plans in resource and environment. It is necessary for woody vegetation to be accurately classified and mapped in adequate details for regional vegetation management and planning. Though high-resolution satellite images are currently available, they are still very expensive and beyond our budget. Traditional aerial photograph interpretation (API) remains the most accurate method in vegetation mapping, but it is time-consuming, labour intensive and relies on the skills of the mappers.
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aerial photograph mosaics have many limits in digital image analysis, particularly the radiometric resolution (e.g. lack of near-infrared band) and inconsistency (e.g. tonal difference). These limits need to be addressed in digital based analysis.
Integration of remote sensing and geographic information system (GIS) technologies will offer greater potential in delineating and mapping woody vegetation for better-informed decision making ( [1] - [3] ). This would also overcome some of the limits of the aerial photograph in an integrated GIS environment by using ancillary datasets (such as landuse and digital elevation model) as masks or controls ( [2] , [4] ).
This study is to develop an appropriate approach that integrates remote sensing and GIS for woody vegetation classification and mapping. This approach attempts to minimise the limits of aerial photographs in digital image analysis and produces highly accurate woody vegetation maps. The process is to be automated and repeatable.
II. METHODS AND PROCEDURES
The study area for this project is part of the Hunter Region where aerial photograph mosaics are available. These mosaics are the Land and Property Information (LPI) ortho-image products. The mosaics are generated on 1:100,000 map sheet units (about 10 mosaics). The project was started with a trial on Cessnock 1:100000 sheet (AP9132) to test the methodology and accuracy since a woody vegetation layer from API was already available for most of the area. Then the methods were extended to remaining of mosaic area.
The dominant datasets used in this project are digital aerial photograph mosaics and GIS ancillary data that include landuse, water bodies, and digital elevation model (DEM).
The digital aerial photograph mosaics were originally obtained from Land and Property Information (LPI) in 10 km by 10 km area units. These were mosaicked to 1:100,000 map sheet units and compressed in ECW format. The aerial photographs were taken between 1998 and 2003, scanned at 1200 dpi and ortho-rectified. They have a pixel resolution of 1 m by 1 m.
The main GIS ancillary data include landuse, water bodies and DEM. The landuse data was mapped from aerial photos and satellite images using traditional API methods. This is a time-consuming manual process but has a high accuracy. The landuse classification system has a focuses on land management objectives rather than the actual land covers (the physical surface of the earth), which means that it cannot be used to generate a accurate woody vegetation layer. For Digital elevation model (DEM) was used to generate slope and shadow layers that were further used as controls in the image analysis. These can help to distinguish cropping or pastures in the floodplain area from woody vegetation on the mountains, which have similar spectral appearance in the aerial photograph.
The software packages used in this project include ER Mapper and ArcGIS running on Pentium-4 PC windows environment. ER Mapper was primarily used to uncompress ECW and convert to IMG format which can be read by ArcGIS and suitable for image analysis. After that, all the woody classification processes were performed in ArcGIS environment.
Broadly, there are three steps in the whole woody classification process: data preprocessing, classification and post-classification processing. The whole procedures are shown in Figure 1 .
The data processing includes the preparation of images and GIS data layers for spatial analysis in the woody classification. The mosaic aerial photographs were originally in compressed format (ECW). They were uncompressed to a format (IMG in our case) suitable for spatial analysis. The images were resampled to 4-metre resolution. This reduced the pixel number (or file size) by 16 times but still remained the necessary details since the average crown size of a tree is about 4 metres or larger. To further speed up the processing, we only used the Green band of the aerial photograph for classification since there is great similarity among the three true-colour bands (Red, Green and Blue). The Green band image was then converted into Arc grid format for woody vegetation classification in the GIS environment.
Density slice ( [5] ) method was used to classify woody and non-woody vegetation from aerial photograph mosaic. The classification of woody vegetation in this project attempted to include woodland with 20% or more canopy cover and forest. Why we chose density slice method was because it is simple and applicable to single band. To produce density-sliced maps, it is necessary to select an appropriate number of class intervals (upper and lower class limits). Jensen ([5] ) suggests the analysis of the image histogram to select mutually exclusive class Spectral profiles of representative areas of woody and non-woody features in each image were produced. Ranges for woody vegetation (including water and other dark objects) for each image (or subset) were assigned for the density slices. In most cases, more than one threshold value may need to be assigned to a mosaic image depending on the uniformity of the image. Each threshold represents a uniformed area or subset in the mosaic image.
One of the major difficulties encountered in the woody classification using aerial photograph is the lack of radiometric consistency of the aerial photograph mosaics ( [6] ). A mosaic of a 100,000 map sheet is made up of approximately 150 photos. There were obvious tonal and brightness (or digital value) differences between photos taken at different times and angles or even within individual images. Due to these differences, the mosaicked image appears patchy. Although such differences can be partly reduced by image matching (or colour balancing), patterned colour differences still exist in the mosaics. To solve this problem, we prepared a polygon layer representing these patterned differences in the mosaic rather than subset the mosaic image itself. Each patterned difference area (subset) in the polygon layer was assigned a threshold value for density slice. The polygon layer with density slice ranges were converted into grid at desired resolution for the woody classification process.
Post-classification processing was mainly to clean up and correct classification errors resulted from the above automated image classification processes. The classification resulted in many small regions or polygons. The clean-up process was to join small regions of similar class into larger ones. In this process, specific spatial analysis and functions (such as aggregation) were used in an attempt to create woody polygons larger than desired minimal mapping unit (e.g. 1 ha). Ancillary GIS data (e.g. land use, DEM) were used as controls in the post-classification processing to correct obvious classification errors (refer Figure 2) . These processes were also done using AML program, thus automated. Last, the results were further validated and corrected by manual editing process to ensure a high acceptable accuracy. One problem in the classification process was the classification of scattered trees. These individual trees are separate, but within a certain distance close enough (e.g. 20% cover) to be considered as woody cover (woodland) as a whole. The initial classification resulted in many tiny separate polygons representing individual trees. 'Areaaggregate' in ArcInfo was used to combine these disjoint and adjacent polygons into new area features based on a distance. It worked fine with a small area or small number of polygons. However, when the polygon number increases, such an aggregation process took too much time (it never finishes at most times) to be realistically applicable to a mosaic aerial photograph. Alternatively, we used similar process in Grid module. First, the grid cells representing the woody vegetation were expanded to a certain distance depending on the distance between trees using 'expand' command in Grid module. Such process expands the woody zone to fill the gaps in between within certain distance. Then, the woody boundary was returned by using 'shrink' command. The distance or the number of cells to be expanded or shrunk is crucial which was determined by the average distance between trees for selected areas. An example of the aggregate process is given in Figure 2. A B C Figure 2 . Illustration of woody vegetation classification, A the original image; B the Classification results (using Density slice method); C the Post-classification results (using area aggregate)
Another problem was the misclassification of dark objects as woody vegetation. Water bodies appear dark in the image and have similar spectral characteristics as woody vegetation (low DN), they are often mis-classified as woody vegetation by using the density slice method ( [7] ). To address such commission errors, an additional water GIS layer was prepared and used to erase waters (e.g. rivers) from adjacent woody vegetation. The water layer was prepared from available water database (7th order or above streams, dams and lakes) and converted to grid format.
There were also common commission and omission errors in the classification. For example, some pasture and crops were misclassified as woody vegetation, or vice visa. These errors were unavoidable in image classification, but ancillary GIS data (e.g. landuse, DEM) were used as controls or masks to minimise these errors.
The automated process can reach an overall classification accuracy over 90% (details presented in next section). The classification errors are mainly misclassification between non-woody dark objects (such as cropping land, pasture and waters) and woody vegetation since their data values are in the same range. These errors were corrected manually in ArcGIS using its editing functions. The manual editing, though time consuming, allows the classification reach the acceptable accuracy (e.g. 95%). After the correction of the classification errors, the woody vegetation maps at desired scales were generated.
The final product from the above classification processing was a GIS woody vegetation polygon layer with woody and non-woody classes (with code 1 for woody and 2 for non-woody). To assess the classification accuracy produced by the above process we conducted an accuracy assessment using both point-based and area-based methods. The point-based method was to compare the classification results with adequate sampling points for the entire dataset. The area-based method was to compare the shapes and difference of areas between the results from classification and that from API.
We generated dense points at 1km interval (total points about 2600) to comprehensively assess the classification accuracy. These points were classified into either woody or non-woody by an experienced photograph interpreter using traditional API method. The classification accuracy was assessed using those points and the results listed in Table 1 (without post-classification correction ) and Table 2 with post-classification correction). In addition, we also assessed the classification accuracy for the results from satellite image classification for comparison purpose. For area-based accuracy assessment, the polygons resulted from the classification were compared with the woody vegetation map obtained through traditional API methods. Comparisons show that there is 5.5% areal difference between API and the automated classification and a 5.0% difference with the edited classification ( Table 3) . That suggests that the automated classification overestimates the woody vegetation by 5.5%. This is because that the generalisation processing (e.g. aggregate, eliminate and dissolve) was applied in the classification to get ride small polygons (less than 1ha) and linear features, whereas the API kept every details. For example, the API separated the very narrow tracks in the middle of woodland as non-woody, while the automated classification merged them together.
III. RESULTS AND DISCUSSIONS
With available remotely sensed data in the Region, aerial photographs have the adequate spatial resolution for detailed woody vegetation mapping. Despite the high spatial resolution, normal aerial photograph has many limits in digital based image processing and analysis. The major limits were the radiometric inconsistence, and the lack of vegetation sensitive channel (near-infrared).
The radiometric inconsistence resulted in the tonal or patchy differences in the aerial photography mosaic, which subsequently affect the classification accuracy. This study used a polygon layer to define the subset boundaries and record the relevant threshold values. The polygon layer was then converted into grids and used as masks in the classification process. By this means, the whole mosaic can be processed as a single image without subdividing it into many subset images, thus significantly reduce time and inconsistency in the image analysis.
The vegetation has a weaker reflectance in the visible bands (0.4-0.7) than that in the near-infrared band. The woody vegetation generally appears dark and hardly distinguishable from other dark objects such as water and shadows. Density slice is an efficient and simple method for separating dark objects from bright ones, and suitable for aerial photograph classification using single band.
The classification from the aerial photograph produced many small polygons, some of them might just be a single cell/pixel representing the crown size of a tree (e.g. 16 m 2 ). These small polygons are separate but close enough to be considered as woodland as a whole based on the classification criteria (e.g. 20% cover). These small polygons are to be merged to form a larger one or region. 'Area aggregate' function in GIS is a solution for such problem for a small area. However, such process becomes impossible for large number of polygons generated from the classification of the aerial photograph mosaic. Instead, alternative routines in grid module (including expand and shrink) were developed to perform the 'aggregation' task but significantly improved the processing speed.
The classification results show that most woody vegetation can be correctly classified. The misclassification was mainly from the commission error that misclassified water and other dark objects as woody. This resulted in an overestimation of woody vegetation. Use of the water layer as an 'eraser' can partially eliminate and reduce the commission error.
The original 1 m resolution mosaic resulted in very large file size (about 1.7 GB for a single band when uncompressed) that takes a long time for the image processing. Using 4m spatial resolution, to 1/16 of the original size (about 105 MB), seemed to be adequate in the woody classification since it represents the average tree crown size, but significantly reduce the time on image analysis.
The automated program (AML) played an important role in this project. All the classification was done in the GIS environment using automated scripts. This not only improved the process speed but also made use of the relevant GIS data and functions, thus improved the accuracy.
In this study, an integrated approach using remote sensing and GIS has been developed for woody vegetation classification and mapping from aerial photograph. Specific programs and routines have been developed to minimise the limits of aerial photograph, automate the classification processing and improve accuracy.
This research demonstrated that the woody vegetation can be successfully delineated from normal aerial photograph using the integrated approach in a GIS environment. The density slice method is simple but effective in delineating woody vegetation in the image analysis. The overall classification can reach 94% using the automated processing without manual editing. After minimal correction and editing, the accuracy can reach as high as 97%.
The program developed in this study is generic and applicable to the whole Hunter Region and other areas with minimal modification. The user only needs to specify the threshold values for density slice for selected aerial photograph mosaic. The ancillary GIS data (such as landuse, and water layer) are useful as controls, but not compulsory. The whole classification process is automated, fast and repeatable, thus applicable to large area.
The methodology and program developed in this study program are also applicable to high resolution (4 m or less spatial resolution) satellite images such as IKONOS, ALOS, Quickbird and SPOT-5 images. It is possible that highly accurate woody vegetation map be produced and updated regularly using these high-resolution satellite images. 
IV. CONCLUSION AND FURTHER DIRECTIONS
The methodology and program developed in this study program are also applicable to satellite images. In the future, high-resolution satellite images (such IKONOS image, ALOS or SPOT-5 images) will become available at reasonable price. There is a proposal that the NSW State Government purchase SPOT-5 images for the whole State in every five years. The acquisition for year 2003/2004 has already completed and acquisition for 2008 images is undergoing. The SPOT-5 image has a panchromatic band with similar ground resolution (2.5m) of aerial photograph and multispectral bands with 10m resolution. It is possible that highly accurate woody vegetation map be produced and updated regularly using these high-resolution satellite images.
